We selected mass-transferring binary candidates from the catalog of Kepler eclipsing binary stars and investigated the dependence of the mass-transfer rate on several astrophysical quantities, including orbital period, semi-major axis, mass ratio, fill-out factor, temperature, and mass. We selected these candidates using O − C diagrams and calculated their mass-transfer rates. Primary masses were obtained from the mass-temperature relation, and the temperatures of the component stars were extracted from a catalog of temperatures for Kepler eclipsing binary stars. The mass-transfer rates of overcontact systems have associations with astrophysical quantities that seem to differ from those of semi-detached or detached systems. These associations indicate that mass exchange from more-to less-massive components (from lessto more-massive components) generally becomes rapid (slow) as the mass exchange evolves. However, for mass exchange from more-to less-massive components, this tendency is not reasonable for binaries with a short period (P < 0.4 d) and low mass (M 1 < 1.2 M ⊙ ) because the correlations of these binaries are opposite to those of binaries with long period and high mass. These different correlations likely arise from differences in correlation between subtypes of W UMa systems (i.e., W-and A-types). Alternatively, when mass exchange from more-to less-massive components reoccurs after a mass-ratio reversal, its properties may differ from those of the first mass exchange.
Introduction
An overcontact binary is a binary system in which both stars have exceeded their Roche lobes. The light curve of an overcontact system is continuously variable due to the tidally distorted shapes of the stars and is generally classified as belonging to the W UMa type. In such a system, mass transfer is likely to occur through Lagrange points.
Mass transfer is classified into two cases: mass exchange between components and mass loss. In the case of mass exchange, all the mass lost by one component is gained by its companion and the total mass of the binary is conserved, together with the total angular momentum. Mass exchange leads to changes in the orbital period. If the rate of change of the orbital period can be obtained, the mass-exchange rate will be determined by the following equation (Hilditch 2001) :
where m1 and m2 are the masses of the two stars and P andṖ are the orbital period and its rate of change, respectively. This equation indicates that the orbital period is shorter when mass exchange occurs from the more-to less-massive components and longer when the process occurs in the other direction.
In the case of mass loss, the mass lost by one component escapes from the binary system. Mass loss is caused by phenomena such as stellar wind, outer Roche lobe overflow, or a sudden catastrophic event such as a nova or supernova. Assuming that mass is lost from only one component and the linear velocity of the component in its binary orbit remains constant, the simplest relationship between the rate of change of the period and the mass-loss rate is obtained (Hilditch 2001 ) aṡ
The orbital period must increase when mass loss occurs becausė m1 decreases. In addition to varying the shape of the Roche lobe due to mass transfer, the change of the orbital period alters the orbital separation. These changes affect the evolution of a binary star. For instance, Algol (β Per) is a semi-detached binary in which the less-massive component appears to evolve earlier than the more-massive component. The mass-ratio reversal is explained via mass exchange between components (Sarna 1993) . Mass transfer also plays an important role in thermal relaxation oscillation (TRO) theory (Flannery 1976; Lucy 1976; Robertson & Eggleton 1977) . The TRO theory explains the achievement of an average thermal equilibrium in a contact system. According to this theory, a binary oscillates between contact and semidetached phases via cyclic mass exchange and achieves thermal equilibrium on the average. As can be seen in this instance, mass transfer is associated with the evolution of a binary system. Thus, investigating the properties of mass transfer may solve problems associated with binary-system evolution.
Many previous studies have focused on calculating masstransfer rates for individual eclipsing binaries. However, several studies have presented the rates of change of period for some objects and showed correlations of period change with some astrophysical quantities (Qian 2002; Yang & Wei 2009) . Although several studies investigated the statistical properties of period change, few have focused on those of mass transfer; in other words, the statistical properties of mass transfer for binaries are not well known. This paper demonstrates the statistical properties of mass transfer for overcontact systems. Section 2 introduces the data used herein. In section 3, we describe a method to select candidate mass-transferring binaries and to calculate mass-transfer rate. The dependence of this rate on astrophysical quantities is illustrated in section 4, and in section 5, we discuss how the mass-transfer rate changes with the evolution of binary stars. Section 6 summarizes our results.
Data

Kepler
The Kepler spacecraft, launched in 2009, photometrically monitored ∼156,000 objects within a field of ∼115 deg 2 in the direction of the constellation Cygnus. The main scientific goal of the Kepler Mission was to detect transits of Earth-size planets. To achieve this goal, Kepler must obtain a signal-to-noise ratio of 4σ for an 84-ppm deep transit within 6.5 h. The overall mission design and performance were reviewed by Koch et al. (2010) .
The Kepler Mission offers two options for observations: long cadence (LC) and short cadence (SC). LC observation monitors stellar targets with a time resolution of 29.4 min, and its primary purpose is to detect transiting planets . SC data, meanwhile, has a time resolution of 58.8 s and is used for applications such as asteroseismology of solar-like stars and transit-timing measurements of exoplanets (Gilliland et al. 2010 ).
Light curves derived from Kepler are also useful for studying eclipsing binaries. Many authors have studied such binaries using Kepler's data. One of the byproducts is a catalog of eclipsing-binary stars. Prša et al. (2011) presented a comprehensive catalog of eclipsing binary stars observed by Kepler (hereafter referred to as KEBC) in the first 44 days of operation. This catalog lists the Kepler ID, ephemeris, morphology type, physical parameters, third-light contamination levels, and principal parameters for 1,879 eclipsing binaries. Principal parameters (i.e., temperature ratios, photometric mass ratios, fill-out factors, and sin i for overcontact systems, as well as the temperature ratios and sums of the fractional radii for detached and semi-detached systems) are determined via neural-network analysis of the phased light curves.
Kepler eclipsing binary catalog
The KEBC was updated by the second data release ). The revised catalog contains 2,165 eclipsing binaries: 1,261 detached, 152 semi-detached, 469 overcontact, 137 ellipsoidal variable, and 147 uncertain or unclassified systems. Principal parameters in the initial catalog are also provided in the revised version. In this paper, we use the revised KEBC.
Principal parameters for mass-transferring binaries
During mass transfer in a binary system, the orbital period changes. An O −C diagram is suitable for measuring the period change. O − C values are calculated by subtracting the calculated times of the minima from those observed. Equations (1) and (2) show that stable mass transfer causes a constant change in orbital period. In this situation, the O − C curve should be a parabolic shape over the long term.
This paper assumes that parabolic-period variations are solely due to mass transfer. Other processes that can change orbital periods are discussed in section 5. In addition, it is assumed that mass loss does not change the specific angularmomentum per unit mass of a binary. In this study, we used data from Kepler's primary mission; therefore, candidates for mass-transferring binaries were selected on the basis of O − C diagrams with time ranges between three years and a half up to four years. We first extracted LC photometric data for the eclipsing binaries in the KEBC and then measured the observed times of the primary minima. The following ephemeris determines the calculated values of these times:
where BJD0 and P are derived from the KEBC. We manually selected O − C curves showing a parabolic shape over the long term by visual inspection. Using the least-squares method, we fit the O − C curves with a quadratic curve described as
where c2, c1, and c0 are coefficients determined by the fitting. The value of dP/dt is derived from the relation dP/dE = 2c2. The masses of both components are necessary to determine the mass transfer rate. KEBC includes the photometric mass ratio for overcontact systems but does not have any information about individual masses. If the mass of a component can be determined, the masses are computed with the mass ratio. In this study, we therefore calculate the masses of primary components on the basis of a mass-temperature relation in Harmanec (1988) . The temperature of the primary component was derived from a catalog of temperatures for Kepler eclipsing binary stars (Armstrong et al. 2014) . This catalog provides primary and secondary stellar temperatures calculated with a spectralenergy distribution ranging from optical to near-infrared. To confirm our estimation of mass, we used a period-mass relation for contact binaries, which has been reported by several authors (Qian 2003; Gazeas & Niarchos 2006; Eker et al. 2006; Gazeas & Stȩpień 2008) . Gazeas & Stȩpień (2008) provided powerlaw relations for contact binaries, and Deb & Singh (2011) confirmed that a sample of 54 contact binaries generally obey the period-mass relation derived by Gazeas & Stȩpień (2008) . We compared our result with that reported by Gazeas & Stȩpień (2008) . Figure 1 shows the relationship between orbital period and mass, together with that for the primaries in Gazeas & Stȩpień (2008) . The distribution of binaries with P > 0.6 d differs from that of objects with P < 0.6 d. This is because most binaries with P > 0.6 d should not be overcontact systems, as discussed in section 4. Accordingly, we calculated the least-squares line for the binaries with P < 0.6 d:
which agrees reasonably well with the correlation reported by Gazeas & Stȩpień (2008) . We calculated three types of mass-transfer rates using equations (1) and (2). In the case of mass exchange between components, whenṖ is negative, mass exchange occurs from the more-massive to less-massive components (throughout this paper we refer to this process as MEML). By contrast, whenṖ is positive, mass exchange occurs from the less-massive to moremassive components (hereafter MELM). Mass loss (ML) occurs only whenṖ is positive. The errors in the mass ratio, which are necessary to calculate those in the mass-transfer rate, are not provided in the KEBC. Therefore, we estimated this error on the basis of Figures 9 and 13 in Prša et al. (2011) , together with that for the fill-out factor.
Finally, we obtained mass-transfer rates for 111 overcontact binaries in the KEBC. Table 1 summarizes the parameters for mass-transferring binaries.
Dependence of mass-transfer rates on astrophysical quantities
4.1 Orbital period and semi-major axis Figure 2 shows the relations between orbital period and masstransfer rate. A general tendency for the MELM and ML samples is that the mass-transfer rates decrease with increasing orbital period within P < 0. with periods longer than 0.6 d should be contact systems. In addition, the classifications of binaries in the KEBC are not based on accurate modeling according to Prša et al. (2011) . If most binaries with P > 0.6 d are semi-detached or detached, then the properties of mass-transfer for contact differ from those for other systems. This agrees with a result from section 3, namely that the period-mass relation for binaries with P < 0.6 d differs from that for binaries with P > 0.6 d. Accordingly, most binaries with P > 0.6 d are less likely to be contact systems. Indeed, such an opposite correlation has already been reported by some authors. For example, Qian (2002) exhibited a possible correlation between dP/dt and P for near-contact binaries. They demonstrated that the rate of change of the orbital period increases as orbital period increases. Yang & Wei (2009) reported a correlation between orbital period and the rate of period decrease for Algol-type binaries. Their sample showed a correlation similar to that of Qian (2002) . This positive correlation is opposite to the negative correlation of our sample objects with P < 0.6 d.
A relation between semi-major axis and mass-transfer rate is similar to the P -Ṁ relation. In this paper, we calculated the semi-major axis using Kepler's third law:
As shown in figure 3 , mass-transfer rates decrease with increasing semi-major axis below a ≃ 4 R⊙. However, the slope for the MEML sample appears to change around a = 2.5-3 R⊙. All samples seem to be positively correlated with semi-major axis above a ≃ 4 R⊙. Because the semi-major axis strongly depends upon the orbital period, it is natural that associations in P -Ṁ relations should be similar to those in a-Ṁ relations. Figure 4 shows the relations with the mass ratio. Mass ratio is defined by q = Macc/M d , where Macc and M d are the masses of the accretor and donor stars, respectively. For the ML sample, we compute the mass ratio to fall between 0 and 1. Qian (2001) claimed, based on their sample of W-type contact binaries, that systems showing secular-period decrease usually have a lower mass ratio (q < 0.4) and periods of systems with higher mass ratios (q > 0.4) usually show long-term increases. However, there are no significant differences in our samples. The MEML sample has a positive correlation over the whole mass-ratio range (r = 0.667, p < 0.001). By contrast, the MELM sample has a negative correlation within q < 2 (r = −0.694, p < 0.001). Above q = 2-3, the mass-exchange rate for MELM objects is nearly constant or slightly increasing with increasing mass ratio. These associations indicate that mass exchange becomes more rapid when the masses of two stars are closer together.
Mass ratio
The distribution for the ML sample shows a shape similar to an upward parabola. In other words, the mass-loss rate gradually decreases below q ≃ 0.5 (r = −0.453, p = 0.034) and increases above q ≃0.5 (r = 0.248, p = 0.079) with increasing mass ratio. ML tends to be more rapid for mass ratios close to 0 or 1.
Fill-out factor
Relations between fill-out factor and mass-transfer rate are shown in figure 5 . The MEML and MELM samples have negative correlations below f ≃ 0.7 (r = −0.328, p = 0.118 and r = −0.488, p = 0.001, respectively), although the correlation of the MEML sample is unclear due to low statistics in 0.4 < f < 0.7. Furthermore, the ML sample is slightly negatively correlated. Above f ≃ 0.7, there are no negative correlations and the distributions within the range are spread out. According to Prša et al. (2011) , low-inclination systems with f ∼ 1 tend to be contaminated by ellipsoidal variables. Therefore, the scattered distributions are thought to arise from contamination. These associations indicate that at least within f < 0.7, rapid mass transfer occurs after the inner Roche lobe of a binary is filled and the transfer rate reduces as the outer Roche lobe is gradually filled. Figure 6 depicts the relation between the temperature of the primary component and the mass-transfer rate. The following associations occur below T ≃ 7000 K: the MEML sample has a positive correlation below T ≃6200 K (r = 0.459, p = 0.057) and a negative correlation in the range 6000 K < T < 7000 K (r = −0.328, p = 0.198). The MELM and ML samples have similar tendencies, i.e., the mass-transfer rate is negatively correlated with temperature (r = −0.453, p = 0.001 and r = −0.479, p < 0.001, respectively). This tendency differs from that of the MEML sample. Conversely, no negative asso- ciations are found above T ≃ 7000 K for all samples.
Temperature
Characteristics differ between binaries with P < 0.6 d and P > 0.6 d. Binaries with P > 0.6 d generally have temperatures relatively higher than those of the others. They also have positive correlations in the scatter plots for the MELM and ML samples.
Scatter plots for the secondary component's temperatures are shown in figure 7. Both the MELM and ML samples show correlations similar to the T1-Ṁ relationships (r = −0.274, p = 0.019 and r = −0.436, p < 0.001, respectively). By contrast, the MEML sample seems to have a positive correlation (r = 0.336, p = 0.039), which differs from the T1-Ṁ relationship. Figure 8 shows relations with the mass of the primary component. These are intrinsically the same as the T1-Ṁ relationships because the masses are computed by the mass-temperature relation mentioned in section 3. The association of each sample seems to change around 1.6 M⊙. The MEML rate within M1 < 1.6 M⊙ follows a downward parabolic curve that reaches a peak around 1.2 M⊙: r = 0.310, p = 0.281 for M1 < 1.2 M⊙ and r = −0.317, p = 0.173 for 1.2 M⊙ < M1 < 1.6 M⊙.
Mass
Relations with the mass of the secondary component are shown in figure 9 . The values of M2 are calculated on the basis of the mass ratio and the mass of the primary component. Both the MEML and MELM rates increase as the secondary star's mass increases below M2 ≃ 1.2 M⊙ (r = 0.588, p < 0.001 and r = 0.569, p < 0.001, respectively), which differ from the relationships above this mass. ML rates have no significant dependence on mass and assume nearly constant values.
Discussion
Mass-transfer properties in binary systems
Overcontact binaries are binary systems in which both components have exceeded their Roche lobes. Hence, mass transfer is expected to occur in such systems. This subsection discusses how mass transfer changes with the evolution of a binary system, assuming that long-term period changes are responsible only for mass transfer.
The most plausible scenario for the formation of contact binaries is that they evolved from detached systems through angular-momentum loss (Vilhu 1982; Paczyński et al. 2006 ; 
Stȩpień 2006b
). When a more massive component fills its Roche lobe, a detached binary system becomes semi-detached and MEML is expected to begin in the system. If MEML continues after filling the Roche lobe of the less-massive component, the mass-exchange process is also observed in a contact phase. MEML results in an increase in q and M2 and a decrease in P , a, and M1. Figures 2, 3 , 4, 8, and 9 demonstrate that the correlations between the MEML rate and these parameters show the same trend. In other words, the MEML rate of a contact system increases as the binary evolves. This relationship indicates that the fill-out factor should decrease with evolution ( figure 5) . Notably, this is reasonable for binaries with P > 0.4 d and M1 > 1.2 M⊙ because downward parabolic associations appear in the P -and M1-Ṁ relations. However, the MEML rate of a binary with relatively short orbital period (i.e., P < 0.4 d) may decrease as the mass-transfer evolves.
MELM will occur if the mass exchange from initially moreto initially less-massive components continues after a massratio reversal. This scenario has been considered by Stȩpień (2006a) . Alternatively, MELM probably occurs in the cycle predicted by the TRO theory (Flannery 1976; Lucy 1976; Robertson & Eggleton 1977) . MELM results in a decrease in M2 and an increase in P , a, q, and M1. In this situation, the MELM rate decreases with the evolution of the binary and the fill-out factor should increase.
Another notable feature is that there are parabolic associations in the relationships with orbital period, semi-major axis, primary temperature, and primary mass. The parabolic associations indicate that a correlation changes to the opposite of the correlation around a value P ≃ 0.4 d, a ≃ 3 R⊙, T1 ≃ 6000 K, and M1 ≃ 1.2 M⊙. W UMa binaries are subdivided into two groups by Binnendijk (1970) : W-and A-types. These subtypes are distinguishable by orbital period and spectral type. In general, W-type systems have orbital periods shorter than 0.5 d and G-K spectra, whereas A-type systems have orbital periods longer than 0.3 d and A-F spectra (Webbink 2003; Gazeas & Niarchos 2006) . Thus, the two subtypes can be roughly separated by the values of P ≃ 0.4 d and T ≃ 6000 K. Accordingly, the parabolic associations are probably caused by differences in correlation between the subtypes. Alternatively, these associations may appear because MEML reoccurs after a mass-ratio reversal and the dependence of the MEML rate differs from that for the original mass transfer.
The O − C diagrams of our sample binaries have a time range of about four years at most. The rate of orbital-period change computed from an O − C diagram with a short time span tends to be large. In practice, while all of the binaries in table 1 have mass-transfer rates higher than 10 −7 M⊙ yr −1 , binaries with rates as low as 10 −8 M⊙ yr −1 have been reported (e.g., Zhu et al. 2009 and references therein) . The properties of binaries with lower and higher mass-transfer rates do not need to be in agreement with each other. In other words, binaries with lower mass-transfer rates may exhibit properties different from those with higher ones. Accordingly, the properties of binaries with low mass-transfer rates should also be investigated with other data.
Other possible processes
Mass transfer is a plausible process for explaining the parabolic O−C curves of overcontact binaries because the components of an overcontact binary exceed their Roche lobes. However, periodic (particularly sinusoidal-like) oscillation in O −C value can cause confusion with the parabolic curve in an O − C diagram. Such confusion tends to arise when the time range of an O − C diagram is short. Periodic oscillations in orbital period have been explained not by mass transfer but by cyclic magnetic activity or the presence of a third body. Hence, confusion between parabolic and periodic curves may make our results unreliable. We consider two possible processes. Applegate (1992) demonstrated that orbital period modulations can be explained via the gravitational coupling of the orbit to variations in the shape of a magnetically active star in the system. Binary systems with at least one convective star were suggested to have orbital-period changes due to this mechanism. As discussed in the previous subsection, relationships between temperature and mass transfer show parabolic associations with vertices at T ∼ 6000 K. Stars with T < ∼ 6000 K generally have convective envelopes and are magnetically active due to stellar dynamos. Therefore, some binaries in which a component has T < ∼ 6000 K may possibly change their orbital periods through this mechanism. Confusion between mass-transfer and this mechanism might contribute to changes in correlation at T ≃ 6000 K or to dispersed distributions.
Another possible process is the light-travel time effect (LTTE) related to the motion around a third body (Irwin 1959) . Many authors have explained that cyclic period modulations are due to the LTTE (e.g., Frieboes-Conde & Herczeg 1973; Borkovits & Hegedues 1996) . Moreover, a third companion of several binaries has been confirmed via adaptive-optics observations (Tokovinin et al. 2006; Rucinski et al. 2007 ). If sinusoidal-like period change caused by the LTTE does not appear as a periodic curve in an O − C diagram, it is difficult to distinguish between parabolic and periodic curves using this diagram alone. However, most O − C curves for our sample binaries show superposition of cyclic modulation upon a parabolic curve. Such superposition, which often appears, has been interpreted as both mass-transfer and the LTTE (e.g., Yang et al. 2011 and references therein) . Furthermore, if the period changes of a majority of binaries are due to LTTE, there should be no correlation between binary parameters and mass-transfer rates because if the period-change rate or parameters related to this rate are correlated with binary parameters, the correlations suggest that third bodies affect the physics of binary systems. Alternatively, they suggest that a third body is formed under the influence of the binary star. Therefore, although some of our sample binaries might show orbital-period change due to only LTTE rather than mass transfer, they should be a minority. Instead, confusion between mass transfer and the LTTE should contribute to dispersed distributions.
Summary and Conclusions
We have investigated the statistical properties of mass transfer for overcontact binaries in the KEBC, assuming that the simplest mass transfer occurs in binary systems. We have shown that the mass-transfer rate is associated with the astrophysical quantities of binary systems. Moreover, associations differ between the MEML and MELM samples, although the ML sample has dependence similar to that of the MELM sample.
Most binaries with P > 0.6 d are likely to be contaminated by semi-detached or detached systems. Furthermore, their properties differ from those of binaries with P < 0.6 d in terms of relation to orbital period, semi-major axis, primary temperature, and primary mass. We inferred that the difference in the masstransfer properties is due to the difference between types of binary systems. To confirm this, the properties for semi-detached and detached systems should be examined. Moreover, it should be confirmed that the properties of such systems are exactly different from those of overcontact systems.
We discussed how mass-transfer rates change with the evolution of contact-binary systems and concluded the following. Mass exchange from more-to less-massive components becomes rapid as a binary evolves. By contrast, the rate of mass exchange from less-to more-massive components decreases with evolution. However, the properties of MEML binaries with short period (P < 0.4 d) or low mass (M < 1.2 M⊙) differ from those with longer periods or higher mass. This is likely to arise from the mass-transfer properties of W-type binaries differing from those of A-type ones or because the properties of a MEML occurring after a mass-ratio reversal differed from those occurring before. We note that in practice, both processes of mass exchange between the components and mass-loss should simultaneously occur in a binary system. Furthermore, in magnetically active binaries, magnetized wind may have a long-term effect on period change. In particular, in the case of ML, angularmomentum loss via magnetized wind shortens the orbital period, which is the opposite of the period change due to ML.
If this process strongly contributes to long-term period change, the estimated mass-transfer rate will deteriorate.
Other probable processes that may have caused orbitalperiod oscillations have also been discussed because the parabolic O − C curves may be confused with periodic ones. Some sample binaries for which a component has T < 6000 K might change their orbital period by the Applegate mechanism. These binaries are likely to affect the correlation between temperature and mass-transfer rate below T ≃ 6000 K. Although some binaries possibly show orbital-period change by only LTTE rather than mass transfer, we have determined them to be in the minority. In addition, confusion between mass transfer and other processes possibly lead to dispersed distributions.
The masses and mass ratios for sample binaries, which are necessary to calculate mass-transfer rates, are determined by photometric rather than spectroscopic data. Accordingly, these quantities and mass-transfer rates may have large uncertainties. If sample binaries with spectroscopically determined absolute parameters are used, then more reliable results would be derived. 
